Objectives: Patients treated with maraviroc frequently show high CD4+ T cell increases. The aim of this study was to detail the characteristics of maraviroc-induced immune recovery.
Introduction
Patients treated with maraviroc frequently show higher CD4+ T cell increases than patients in the comparator arm in randomized clinical trials. This has been observed in naive patients, in experienced patients achieving virological suppression and also in non-R5 patients starting a rescue treatment with maraviroc, suggesting a maraviroc-specific effect on immunological recovery. 1 -3 Greater reduction in immune activation has been associated with greater CD4+ T cell recovery during antiretroviral treatment. 4, 5 The higher maraviroc-induced immune reconstitution could be associated with a greater reduction in activated T cell subsets.
Patients with a greater CD4+ T cell recovery also showed higher levels of naive T cells compared with patients with a standard CD4+ T cell recovery after treatment initiation. 6 Furthermore, maraviroc acts by blocking the surface receptor CCR5, which is the most widely used coreceptor for HIV entrance in CD4+ cells. The implications of its use for the cellular expression of CCR5 are not clear.
Our aim was to detail the T cell subset profile of maravirocinduced CD4+ T cell recovery. We compared T cell subsets in two groups of patients treated with either a maraviroc-including or a maraviroc-sparing, nucleoside reverse transcriptase inhibitor-sparing salvage highly active antiretroviral therapy (HAART).
Patients and methods
Triple-class-experienced HIV-infected patients showing virological failure to the current HAART were coscreened for darunavir/ritonavir (TMC114-C209 and TMC114-C226), raltegravir (MK0518-023), etravirine (TMC125-C214) and maraviroc (A4001050) Expanded Access Programmes (programmes designed for early access to investigational antiretroviral drugs for treatment-experienced patients who might benefit from new medications). These studies were approved by our institution's Ethics Committee and all patients signed informed consent to participate in the Expanded Access Programmes, to collect additional blood samples and to record clinical data in our clinic's database. Patients received a new regimen containing raltegravir, etravirine and either maraviroc (REM patients) or darunavir/ritonavir (RED patients), according to their genotypic drug resistance and viral tropism. Patients who harboured an R5-tropic virus received maraviroc and patients who harboured a non-R5 virus received darunavir/ritonavir.
Baseline and week 96 [or the closest available (week 72 or week 108)] samples were used for immunophenotyping. Median (IQR) follow-up at the time of second sampling (end of follow-up) was 98 (94 -108) weeks.
Thawed peripheral blood mononuclear cells were directly labelled with fluorochrome-conjugated monoclonal antibodies and analysed by flow cytometry. The percentage of expression for each monoclonal antibody was based on morphological gated lymphocytes and on triple stainings. Activated (CD38+ and CD38+HLA-DR+), naive (CD45RA+) and memory (CD45RO+) CD4+ and CD8+ T cells were studied along with CD4+ and CD8+ T cells expressing CCR5 or CXCR4.
Comparisons between and within groups were performed with Mann-Whitney and Wilcoxon signed-rank tests, respectively. The Spearman correlation coefficient was used to assess linear relationships between continuous variables. Values are expressed as median (IQR) or frequency (%).
Results
Forty-one patients were studied: 24 REM patients and 17 RED patients. Baseline demographic, virological and immunological characteristics were similar between the two groups ( Table 1) . (Table 1) .
We analysed the T cell subset profile in the two groups of patients. REM and RED patients had similar levels of each subset at baseline (Table 1) .
CD38+CD4+ T cells decreased in both groups during followup: 26.9% (214.3%/+6.11%) in REM patients (P ¼0.081) and 23.7% (220.17%/21.1%) in RED patients (P ¼ 0.013). Similarly, CD38+CD8+ T cells decreased significantly in both groups compared with baseline: 214.3% (235.9%/28.2%) in REM patients and 214.8% (235.7%/25.7%) in RED patients (P,0.0001 for both groups). At the end of follow-up, levels of both subsets were similar between the two groups ( Table 1) .
We also observed a significant decrease in levels of CD38+ HLA-DR+CD4+ and CD38+HLA-DR+CD8+ T cells during followup: 23.3% (27.1%/+0.2%) and 25.7% (26.7%/21.7%) for CD38+HLA-DR+CD4+ T cells in REM patients (P ¼ 0.010) and RED patients (P,0.0001), respectively, and 24.8% (29.6%/22.3%) and 25.9% (28.6%/22.2%) for CD38+HLA-DR+CD8+ T cells in REM patients and RED patients, respectively (P,0.0001 for both groups). No differences in the levels of these activated subsets were observed between groups at the end of follow-up (Table 1) .
We found an inverse correlation between CD4+ T cell recovery and CD38+CD8+ decrease in RED patients, but not in REM patients, as shown in Figure 1 .
Naive CD4+ T cells tended to decrease in REM patients during follow-up [median change 21.7% (216.5%/+2.3%), P¼ 0.086] while they remained stable in RED patients [median change 1.7% (23.5%/+9.9%), P ¼ 0.548], thus leading to higher levels of naive CD4+ T cells in RED patients at the end of follow-up (Table 1) . Conversely, we did not observe significant changes in the levels of memory CD4+ T cells during follow-up in either REM patients [median change +2.8% (24.5%/+11.9%), P¼ 0.166] or RED patients [median change 23.0% (29.5%/+5.3%), P¼0.404]. Levels of memory CD4+ T cells were also similar at the end of follow-up (Table 1) .
We then analysed the expression of CCR5: during follow-up, CCR5+CD4+ T cells remained stable in REM patients [median change 0.4% (210.9%/+4.1%), P¼ 0.523] while they decreased significantly in RED patients [median change 27.6% (210.5%/ 21.4%), P,0.001]. At the end of follow-up, CCR5+CD4+ T cells were significantly higher in REM compared with RED patients (Table 1) . Since blocking of the CCR5 molecule by maraviroc may lead to a decreased migratory response to natural chemotactic peptides, there exists the possibility that the increase in CD4+ T cells might be attributed to a diminished trafficking of lymphocytes in tissues. However, when we took into consideration the changes in CD4+CCR5+ T cells, CD4+ increase again tended to be higher in REM patients compared with RED patients, both considering the crude mean change and the mean change adjusted for the increase in CCR5+CD4+ T cells (crude mean CD4+ change+SEM was 243+46 cells/mm 3 in REM patients versus 141+30 cells/mm 3 in RED patients, P ¼0.112; adjusted mean CD4+ change+SEM was 247+39 cells/mm 3 in REM patients versus 135+46 cells/mm 3 in RED patients, P ¼ 0.074). In addition, no correlation was found between the change in CD4+CCR5+ and either the overall increase in CD4+ T cells (r ¼ 20.169, P ¼ 0.431) or memory CD4+ T cells (r¼ 0.200, P ¼ 0.349) in REM patients.
We also looked at changes in CCR5+CD8+ T cells, which remained stable in REM patients during follow-up [median change +2.9% (210.4%/+12.3%), P ¼ 0.523] while decreasing significantly in RED patients [median change 215.3% (218.9%/ 28.3%), P¼ 0.001]. At the end of follow-up, CCR5+CD8+ T cells were significantly higher in REM patients compared with in RED patients ( Table 1) .
The expression of CXCR4 showed opposite modifications within groups in the CD4+ T cell compartment: CXCR4+CD4+ T cells decreased significantly in REM patients [median change 211.3% (230.9%/+3.9%), P ¼0.005] while remaining substantially stable in RED patients [median change 28.3% (215.7%/+3.2%), P ¼ 0.109]. At the end of follow-up, however, CXCR4+CD4+ T cells were similar in the two groups (Table 1) .
Changes in CXCR4+CD8+ T cells during follow-up were similar in REM and RED patients (Table 1 ). Cossarini et al.
Discussion
As previously reported, we observed a greater CD4+ T cell increase in patients treated with maraviroc compared with patients who did not receive maraviroc (i.e. those treated with darunavir/ritonavir in our study). Viral tropism itself might have influenced immune recovery, since patients harbouring an R5 virus have a greater CD4+ T cell increase on therapy 7 and in our study only REM patients harboured an R5-tropic virus.
The greater CD4+ T cell recovery we observed during maraviroc treatment did not appear to be related to a greater decrease in levels of activated T cell subsets: in line with what was shown by others, 8 we observed a strong decrease in activated T cell subsets in both treatment groups during follow-up; however, such a decrease was not different between the groups. A significant reduction in activated T cell subsets is a hallmark of effective antiretroviral treatment and suppression of viral replication, 9 and CD4+ recovery has been shown to correlate with the extent of T cell activation reduction 4 in patients starting an effective antiretroviral treatment. We observed a significant correlation between immune recovery and the reduction in activated subsets only in RED patients, which is in line with what was previously reported for immunological non-responders. 5 RED patients might be considered more similar to immunological non-responders while REM patients do not meet the criteria for such a definition, and thus the same correlation might not apply.
We observed a decrease in naive cells in patients treated with maraviroc compared with darunavir, which is in contrast to what was previously observed in the context of improved immune recovery. 6 A decrease in naive T cell proliferation after starting antiretroviral treatment and an inverse correlation with CD4 recovery, consistent with an homeostatic mechanism, was previously reported. 10 Also, a significant reduction in naive CD4+ T cell apoptosis was observed in patients switching to a protease inhibitor-based HAART due to limited immune reconstitution, which might explain the stability of naive CD4+ T cells in our patients who received darunavir/ritonavir. 11 We also found a stability in the levels of CCR5 expression both in CD4+ and CD8+ cells in REM patients, while it decreased significantly in RED. We did not observe similar changes or differences between groups in the expression of CXCR4.
The maintenance of higher levels of T cells expressing CCR5 might be related to a decreased migratory response to natural chemotactic peptides that bind to CCR5, which is now blocked by maraviroc. 12 However, the increase in CD4+ T cells was still higher in REM patients compared with RED patients when adjusting for CD4+CCR5+ T cell changes, and no significant correlation between CD4+CCR5+ T cells and the overall CD4+ T cell increase was observed. Although we do not have experimental data on chemotaxis, our results suggest that the increase in CD4+ T cells in REM patients cannot be only attributed to a diminished trafficking of such cells from plasma to peripheral tissues.
One of the major concerns during antiretroviral treatment with maraviroc is the potential selection of CXCR4-tropic viruses. The significant decrease in the expression of CXCR4 on CD4+ T cells we observed in REM patients could prevent the overgrowth of CXCR4-tropic viral strains by allowing for a less favourable substrate in which to replicate. Recent findings showing a greater and faster replication of CXCR4-tropic viruses in cell lines expressing high levels of CXCR4 on CD4+ T cells 13 would support the need for a CXCR4-tropic virus to have a favourable substrate for an efficient replication that might lead to virological failure.
Our findings do not support a role for a greater reduction in activated T cell subsets to explain the greater increase in CD4+ T cells, not even when considering the expression of CCR5 as a marker of immune activation, since REM patients did not show any decrease in T cells expressing CCR5. However, maintaining a higher expression of CCR5+CD4+ T cells and reduction in CXCR4+CD4+ T cells might represent a potential protection from non-R5 tropic viral strain overgrowth during treatment with maraviroc.
